PUB-NO: JP02002317241A 
DOCUMENT-IDENTIFIER: JP 2002317241 A 

TITLE: 600 MPa-CLASS STEEL HAVING EXCELLENT WELDING OPERABILITY AND WELDED JOINT 
TOUGHNESS 

PUBN-DATE: October 31, 2002 
INVENTOR- INFORMATION : 

NAME COUNTRY 

MINAGAWA, MASANORI 
SHIRAHATA, HIROYUKI 
HATA, TOMOHIKO 
CHIBA, YUKIHIRO 
ASSIGNEE- INFORMATION: 

NAME COUNTRY 

NIPPON STEEL CORP 

APPL-NO: JP2001118357 
APPL-DATE: April 17, 2001 



INT-CL (IPC): C22C 38/00; C22C 38/14; C22C 38/58 
ABSTRACT: 

PROBLEM TO BE SOLVED: To provide 600 MPa-class steel which has excellent HAZ 
(Heat Affected Zone) toughness, further has hardness in the HAZ, and satisfies 
TS (Tensile Strength) iY590 MPa even in welding of superhigh heat input. 

SOLUTION: The 600 MPa-class steel having excellent welding operability contains 
grains having prescribed components, also satisfying the condition that Pern is 
iU0.21, and having a grain size of 0.005 to 2.0 |im, particularly, 0.1 to 2.0 
|im, and having a composition at least containing Ca, Al and 0, and in which, as 
the elements other than 0, by weight, iY5% Ca and iY5% Al are contained, and the 
balance inevitable impurities are contained by the grain number of 100 to 3,000 
pieces/mm2. The hardness (Hv) of the heat affected zone is iY80% of that of the 
base material. 
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(CT) [ffift] 

Wtt**^*fcftfcHAZ»Z>«S:OT*<, TSS59 
0 M P a &SfJ£-T S^FSJtXtt^flHlfc 600MPai 

To*fr t»t l , ^-mitf-m^o . 005-2. 0 ^ 

m. WfcO. 1-2. 0/im % fflj^fc LT^< t £>C 
a, A 1 , 0£-£v^ 0£&Ufc7C3gA*fiftfcfct\ C 
a : 5%£Ui, A 1 : 5%l^±S:#fl-t, B*a**-0>fl& 

^j^Mft* 1 ^ St^FjR 100 — 3000 

I/mm^tL, »«8»l«MBO«5*«a5(iftf58 0» 
J2Lhf3S£ ( H v ) Sr^-rS?§«fSXtt^ftix^6 0 0 
MPali. 
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[tl*3Hl] ««%t\C:0. 0 5-0. 15%. 
Si : 0. 1—0. 5%. Mn : 1 . 0 — 2. 0%. 
P : 0 . 0 2%£IT. S : 0 . 0 2%£IT. A 1 : 0 . 
00 5 — 0. 04%. Ti : 0. 00 5 — 0. 03%. 
Nb:0. 01 — 0. 06%, V: 0. 02 — 0. 06 
%. Ca : 0. 0 0 0 5 — 0. 0 0 3%$:. 
P« = Cf Si/3 0+Mn/20+Cu/2 0 + N i 
/60+Cr/20+Mo/1 5+V/l 0 + B* 5^ 
0.21 10 
(DgzftTtt L . aSPii: F e is 1 tPFnraPRK*3&* ^> 5r 
&H8T\ <rc0i8*fcRfflS@T0 . 0 0 5 — 2. 

o ju momitmn^- zmmm^tz o commmmv 1 o 

0 — 3 0 0 OfE/iW^U 

»4<i:{)Ca, Al. OSr^V^TC*^' 
®MibT\ Ca : 5%m_h. Al : 5%fiLb**il-?ft 
L . CaUlk It^ 5 0 %JJLbT\ *OjS» 
^^^S^W^8 0%m_h^®§ (Hv) Srfl- 

d t £w&ti-&mmmj:mzmtifz e o o m p a 

M$L 20 

[ msm 2 ] m i mt(msL=F <nmmfi&* <ti>c 

a. Al. O. S£#^. O^^V^7cS^MMJ:bT\ 
Ca : 5%tLt. Al : 5%Kl±. S : l«£Lt***i 
«i**L. CahAl t CO-&fb&« 5 0 %£LtT\ 8!^ 

1 IBa^^SMXttt^ffiix^ 6 0 0MPagl 5 
[Kf*a3] fl%t, C:0. 0 5-0. 15%. 
Si : 0. 1—0. 5%. Mn : 1 . 0 — 2. 0%. 

P : 0 . 0 2%£IT. S : 0 . 0 2%ETF. A 1 : 0 . 
00 5 — 0. 04%. Ti : 0. 00 5 — 0. 03%. 30 
Nb:0. 01 — 0. 06%, V: 0. 02 — 0. 06 
%. C a : 0. 000 5 — 0. 0 0 3%. Mg : 0 . 0 
0 2%J21T£. 

P« = C + Si/3 0+Mn/20+Cu/2 0 + N i 
/6 0+Cr/2 0+Mo/15+V/10+B*5^ 
0.21 

&mx\ z<r>m^zFimmm^o . 005—2. 

0 //m««f^*fiI«S^ 9 ^«*«rc 1 0 

0 — 3 00 0 ffl/ m m 2 ^ L . * <^I^LWEff £)fflj£ 40 
^)%<HCa, Al. Mg. 0£^v=*. OSBftltfi 
7uS^flf»itT\ Ca : 5%U±. Al : 5%J2Lfc. M 
g : l%l3±&ZtL?tLit1fL, CahAl fc*>&fb&* 
5 0%fiLtC. ^^gS^f^^®$^#^8 0% 
I2Lfctf>«3 (Hv) <! t Sr^Sfc^S^SffilT 

fficfSii/:: 6 0 0 M P a®£L 

[111*394 ] mmmimn^mm^^ <ti>c 

a. Al. Mg. O. S&*^ Ot^V^fc7C*3&S«* 

JtT\ Ca : 5%IiLt. Al : 5%IiLt. Mg : 

±. S : l%BLb*-t*L«l**t. CaiAli^ 50 
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£ fc &mt^^»*^3lB«^§ffiJftXttWS^6 
OOMPaSI. 

[|»*S5] W*%T\ Cu : 1. 0%1^T. Ni : 
1 . 5%J2TF, Cr : 0. 6%£TFs Mo : 0. 6%JS 
Ttf>rt 1 «Xf4 2«ia_b***f -5 £ tWafc-Tiill 

«b 1 -it smA ^\^K^ztm<^mmmTjmzmix 

£16 00MPatl o 

[If^l6 ] J SM%X\ B : 0 . 0 0 0 5 — 0 . 0 0 

3 <! t *«ttfc-*-*tl 1 5 CO 

fflo 

tfOV JgJ&ItttCffift.^ 6 0 0 M P a® 

a. 

[000 1] 

^tttcffiil, !&*o»«S!UWKIW3«3 (Hv) ^ 
< . YS5590MP atfSMEfclT*- 4Jffl»H01ttfc« 

6 0 0 M P aflMtzRH-S t> COT* S . 
[0002] 

JBasftSSfVCtiO, iB«g#Ofi)tti:^«tc, HAZ 

attfcawwraa* l j: a k . mmm&wm < h 
[0003] ±Afmmm<oMttcoH Azmmms t 

[0004] «itf, ^tS5 5-26 1 6 

Sii:(cJ;-oT. HAZ^-^fW hSS-/h$< 

6 4 6 14 ^fg-CJiT i g-fkft kMnSt <7M&m EfJ 
ft^7x7-fb cr>^mt LTiSffl L, HAZ iOSJtt S 

[0 00 5 ] L^t^fe. TilMl HAZ(7)-3 

%«i«?'Mias*u 4 0 o°czmitz>mg&mbcr>t%& 

(mmX> Fffitm-Z ) iS#T'{d:^ai:^i:•|ll^tLT L 



[0006] zcvmmtfy Ym&m^m^^mth^ 
m^^mxmm^tix^^ . mnmu^rnxumm 

BS6 1 - 7 9 7 4 5-§-&#*?>!|#BPg6 2-1 03344 

^fgtM^SixT^S t i gHfc»£-£-*L3t 

X t ??Se&T i Itt^tj h £ LT, Mgf^Sftffi 
T^tTiS-ft^ MnSf«L. ? tfc^flt 

Sr-f-r ^ LTaM^x^ r-^j&u ^<7)S£S$f(4 10 
tfmstX^&tv^jhcniXfo&v U5>L i^oJ; 

&<r fc^T-^&u. -?-cojhiii«±t i Mimcom±it*?m 

5^mI^Ji«fflA^T iB£M*L V^^S^-fta^'tt 

t-a , ffl^t^#m^fr^ia ; d t < < . t i mim x 20 

[0007] tfc. ic?)J;5^Ti gHtftcoil^cD^- 
W§§M4^«T i SsM;: L^L^' 

m^n^T i zmmthtrnx-im^T i & 

^ v i}c«^$W-r & <_ t (±ffl«fT"$> 0, 
tin, MnS^colJftiifecofflic, ftftftSCWI 
t WtfeS. T i W$k<T>Mz. X -o 

[0008] 3 ±ieWHIW6 1-79745^ 
i: , T i iWfc«i*±ifi < fctf> * 

Pc„ = C + S i/3 0+Mn/ 
0+Mo/l 5+V/l 0+B* 
[00 1 3] -?-Lt\ M^cOPcm^O. 2 11ilTi;-r 

■*-4>fctf>fc:P B .*ffi<-$-*tefi, ( 1 ) ^cr>fflfc-ftcr> 

WfHAZgpcoSaK (TS ) «TLTL^a. 
T\ P traffi^&V ^U*T'£> & N b ^SSsflU L X H 
AZgB<7)«££|n]±£Hi-&.r fcj&*#;t£>ix&#\ Nb£ 

tnh, oiD. HAZ»«9Bttfc3MEi:fcMBR'*N&te1I 
T*>9, Ml£#*IB^*.ri:*3t"Cli, W&£Pi:£3 
-£.g>.l 2:#*fflltT£>So 
[0014] *3&HJ§#(i, H A Z5SJK ( T S 5 5 9 0 M 

Pa) SrNb, v^jn-cWfttTtii-c, HAz$stt« 

i fcte J: 0 HAZaSf8tt*3t»"CS Sit 2r*n* 



( 3 ) 002-317241 

4 

A lfi<7>_LRR£, 0. 0 0 7%tl^^mu 
MTHi'M LTV MW+COA 1 M^&v A 1 

[0 00 9] icoid'SriWifcWL'C, mf6-2 9 

3 9 3 7^m. Wm^f6 - 2 9 3 9 3 7^#tioVi 
X T i SsjDE^cO A 1 *m\\~t& -1 1 T\ £)3Jc-r S T i 

coSWtiO, ±7JS^*HAZfgtt^±<Btc[tii±3-fr 

[0010] J2Ui3*^fe i 3 ±A^§S!f#WH AZ 

a8PW*K:tiV^T«, 6 0 0MPa8i«ifflV^M 
c0^ffl«^W^^»-r h Z fc ^ilT V^T s 10 
0 k J/c mJ3Lh, A^l^^Tlil 0 0 0 kJ/cm 
t « 3 5r § $§SAH&?)«!raa*3t#> A>ix-r 33 0 , 6 0 0 
MPaiHtfc^T, HAZ®Jtt^e5j#t-Shft(CHA 
ZBttfcWR-^ittltT** H AZ<rmm.* ^fiT3-fr 
ftT S a 5 9 0 M P a t T h <T k h fW^JtXtt 

(CftfLfc 6 0 0MP a«iHiV^4«f!eilS*LTVvSrV^ 

[0011] 

^m^xBsxtc^mA^Mcomim^tiv^x & , m?t 

HAZiStt^Wt-Sfcftt, HAZgP£0i|3**K<, T 

sasgoMPa *is»*xttts ± mmm^ 

Wimmtifz 600MP &®jffl£1&fei-& Z t SrH^i: 
[0012] 

mMzmm-ztzfocD^m mmn&mk l.ttie 

( 1 ) MzittMl&ttnP™&%}t,tiX^& <, 
20+Cu/20+Ni/60+Cr/2 
0.2 1 ■■■(!) 

[00 15] 3^tC, ^^HAZgETffiKlTL^VU-p 
fcr$-ftfctf>teli, HAZgRO®§ (Hv) 
C08 0%m± (160~180Hv) & 

Nb, v^fci*jH^W»Sffl^¥«tt<^fi 
Tli, «l*fc:iM3liit*»S-fr4ii:fcJ:0l»±L#* 

[0016] Jjanfifc*^v^^t3tfc 

[0017] ( 1 ) «M%T\ C : 0 . 0 5 — 0 . 1 
5%. Si : 0. 1-0. 5%, Mn: 1. 0 — 2. 0 
P : 0 . 0 2%VX¥. S : 0 . 0 2%likT, A 1 : 
0. 005—0. 04%, Ti : 0. 005 — 0. 03 
%, Nb: 0. 0 1 — 0. 06%, V : 0. 02 — 0. 



40 



50 



(4 ) 

5 

0 6%, Ca : 0. 0005 — 0. 003 %£, 
P cm = C + S i/30+Mn/20+Cu/20 + Ni 
/60+Cr/20+Mo/1 5+V/l 0 + B* 5S 
0.21 

«o*fr*c*t l , mm* FeM tPRrapp*eiw> ^ & 

SIST", icOiftf^RffiaST'O. 0 0 5—2. 

o um&wn&mttmmm^tz k> nmmmmx 1 o 

0-3 0 0 0f/mm2ML, * COift Wfe^cOfM; 
#^-=2: <tfcCa > A 1 , O 2r#^, O ^7t*# s 
ftUfcT, Ca : 5%IiLh, Al : 5 %£lt$: ZtiZ'tl 10 

L , CatAlt CD^f+:£ { 5 0 %IiLhT", A>-)I1 
l»»W^Ssy^^8 0«JSUi<?WBS (Hv) 
•T-g.it fcWfti: t"-g> iWBMtXttfc:fth.fc 6 0 0 M P a 
AM. 

[0018] { 2 ) tMeftft^^fcffce*^ < t 

tea. Al, o, s ozm^fcjvmtfMMJfc 

X\ C a : 5%«_L, A 1 : 5%IiLL, S : 1 %£Lb£ 
^ti^ti^ U CatAlt <7>&fb6(* 5 0 %Jilht\ 

IB ( 1 ) JUBttCO^JtCtttClSfl-Jt 600MPai 20 

M. 

[0019] < 3 ) ff*%"T\ C : 0 . 05 — 0. 1 
5%, S i : 0. 1—0. 5%, Mn : 1 . 0 — 2 . 0 
%, P : 0 . 0 2 %UTF, S : 0 . 0 2%J^T, A 1 : 
0. 005 — 0. 04%. Ti : 0. 005 — 0. 03 
%, Nb:0. 01 — 0. 06%, V: 0. 0 2 — 0. 
0 6%, Ca : 0. 0005 — 0. 003%, Mg: 
0. 0 0 2%JilT£, 

Pc. = C + Si/3 0+Mn/20+Cu/2 0 + Ni 
/6 0+Cr/2 0+Mo/15 + V/10 + B*5g 30 
0.21 

&MX\ a*?, -rcoaitftRfflSS-co. 0 0 5-2. 

0 /zm^lMf^ffillS^ 9 C0«««t- 1 0 
0-3 0 0 Oil!/ mm 2 ^L, * oBHfc W^coffljS; 
* i M<ttCa, Al, Mg, 05r^, 0£BfcV«fc 
7tmt>mmtX\ Ca : 5%£JLh, Al : 5%JJlh, M 
g : 1 %0±.&Ztl?tlitli L , CatAlt CO-^-tf-^ 
5 0%JiLtT\ ^«fflMM!MM<O«53e*«tf«08 0% 
ISJitfMBS ( H v ) - t *WSt t n>M»4X 40 

ttfcjlft/c 6 0 0 M P ail. 

[0020] (4) mimimw^mmt^j:<h 

i>Ca, Al, Mg, O, SSr#^, O SrBfcUJtTt;*** 
«4Jt*C, Ca : 5%HLh, A 1 : 5%l2Lh, Mg : 1 
%W±, S : l%ja±Sr**t, »»**-€-<0fflpRr»f: 

SfelttfcHtftfc 6 0 0 M P aiKM. 
[00 2 1 ] ( 5 ) W*%T", C u : 1 . 0%iyT, 
N i : 1 . 5%iilT, C r : 0. 6%JiLT, Mo : 0 . 
6%BlT<0Wl«Xli2«iaJi&-frirr4ii:*«fai: 50 
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r^jiiE < i ) - (4 ) 3fw^*i*Hc!emo*§saifei 

6 0 0 M P aii. 
[0022] ( 6 ) SM%f, B : 0 . 0 00 5 — 

o. 0 0 3%Z^~thzb*mmb^&±.3l ( 1 ) - 

( 5 ) ^(OV^iVl!^t=IBa<OifflKlfcXtttflfcfLfc6 0 0 
MPaii. 

[0023] (7) WaWKfte^RfflSS-CO. 
1-2. 0*tmT*iii:*W»i:^*±iB ( 1 ) - 

( 6 ) ^<7)^-ftL3&HclB«<7)M«]56iecc«^6 0 0 
MPall. 

[0024] 

iwmnmnmm ar. ^mzm^xmrntzmm 

•fS. *#J^^)±. (Hv) *%|}i7)8 

0%jyjiT-$)-5T, 5 9 0MP aC06 0 0 

MPaiitnta, IflJ&frfc LTNb, V 
4J:3to t;^', Nb, v^fl-S^ifctcJ: 0, H 
AZfflfeWITLft. f^t, *fgHJ»^(±HAZiRltt 

* alls * § i&mmmmm tLx, 1400 °cui± tjn 

[002 5] WMfcf-.XT^'f h©£ffl©<tr&?t#> 

1 4 0 ox;j^eosfa"Tttfflirr*t!i^3&**# 

[ 0 0 2 6 ] i , ^ifcffrPfcJ: S»»oey_y 

[0027] ittwftf^^*? <^S^I5«-o 

ntw. t^L^'^, a i tzi-tx^mmzitti-mm 



7 

v^cft, mA^MmtzMLX A 1 J; — S^A^Mit 

k LT, Ca**5%kJLL, A 1 #5%J2Lb£4sh.*£4: 

k#^t£k3r£iki&MI,L*:,, if* 

1 . O ££vfc N O £»^fc7C*PKJUfcTC a 2r 5 
_L. A 1 £5%I3Lhk Lfc. 
[0028] &tz. CatH^fcMgiffiffitSitt 

IMS* £ ^iteffc 5tf & - k (sffS&T* & . MgiiCa 
(2fc"c7)5&S«±&^k<7W. A l J:>53£v->J«7csrc"$> 

a ka-^tTBW^flM-r* - kT««ffl»t&-Jiti 
m g ** i %m±* £ti&zkx\ mit^wwA^-f-^ 

C0fflfi)t£. ^<itCa, A 1 , Mg, Ot#^ O 
*HSV^3t7afeW»MJtCC a £ 5 %iiLh, A 1 t 5 %m 

[00 29] S fcfcli, #f6>iH#&<i. iiM^cOJUHt 
CaS^itfMgS HHfcgftWtffitS d k T\ 

U O , S 2r#^ „ O SrRfcV ^TCfRj^WUfrCC a & 5 

^<HCa, A 1 „ Mg, O, S&-&#. N OfcRfcV^ 
7E3ltt*fttJfc"CC at 5%&±. A 1 * 5%£JLL. Mg 

[ o o 3 o ] act, vy-ywzwto^mLmfF^ 
[0031] #w&ttximti&Lii*>*:y-y7mk 
£ k*±# . e ; F«o*Bi*&*— k # , — ffl^ 

ffl^T. «i§l;r;!jlJ^L£k#«:*-^-M hfMltP 
0. 0 0 5 — 2. OxtmWt^S&Si&^^V^ t 

&>h ^y-y^tsii^Wtn^^ Xtf±% M3k"3£<^ 

^t^PfflL, fe^-SO. 005 — 2. 0;um<?)4iT£> 
0. 1-2. Ojumf5a^*SS3ji8»fc«» , Cft4C: 
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fctjatSW-SfcSofc. 0. l/(mj:^J^<^Sit 

<&6k(i^k"ty-y?s&st3&»L:5:^ 

2 . o m j: ^IMHMfrf tttr;'— y^stifc 

0 0 5 — 2. 0//m s f«4Ti>#tO. 1—2. 0 xt 

[0032] <wc N h KT.wmz'Sm^y—yymFF 

10 cofflRtov^TKlWLfc. 

[0033] ^t»i^i^#^<5f«*fi{±«W 

*SBffc£$r trt ioT «38fcPI& & . # t®5fc#tt#W 
L v >k #^ ^^•g.W^JKcOjtfpffiil-C-^A^^ffiJtX^ 
ixS^tc^^fLSHAzaii. Hx.|f, i^SJS- 

fttiia, H 1 t=*f J: ^ (c, RffiSfi^'O. 0 0 5- 
2 . 0 xi m O^-fbWiTf** 5 -' 10 0 fi/m m 2 Iil_h^ 

0 0 m/m mH/mwx-h h . 

[0034 ] ^COS-ft!f«Ti7)^# S^it/HSt^iiS 

V-Tl/^tfWL, -f-^t^^FJWttltT 1 0 0 0 0f§ 
T"2 O^SSfliLh. IS^ffiWtct-C 1 0 0 Owm^JiLht 

30 § . ±% $ Of WiBStt^taWUfc^ft* k 
[003 5] $m*Wm-h?u*iXk LT N 

^ ^ , m«jeem, § h izztit mmi&B t mm t^ms 

[0 03 6] Nb, Vt**f SilfctSV^T, M 

40 flSBie^ * -frfc - k t J; 0 h A z Btta*i*Ltr & 

[0037] H2I1 PHAikHAZt9ttkc?)W«5r* 
~tmz\ fiMliO. 1—2. 0xtm<7)K-fkTO-Ft$t75 
0i/mm2 -SH-thlfflM. *LXmHi0. 1- 
2. OxtmOlftWf Jfi5 0 Of /mm2 -^tfl, 

^mm^^txv^. 

[0 0 38] ffl2l,Z7F:-tiotZ. Nb, VO^jDi^ti 
JlItJKtTHAZfB1±(i<ST'^-6* J , M-iii^fi*- 
4 0 °C tcfc V vc ©IRo: ^;pdf - 5 0 JJiLhSr «. H 
50 AZmm&. PhazC08 0— 1 4 OWffiERC&Vvt*^ 



( 6 ) 

9 

[00391 KC. HAZgP^SStC-OV-i-C^HJ^I,, 
[0 04 0] 03 (i. 6 0 0MPa^lHttcOHAZg|5^ 

«S(Hv) t^S (TS) fc050Bfl5fcjj*-$-0 , C&4. 

6 0 0 M P &mMtfZ: AM lOOkJ/c mT'?§3f LX 

mkfrzimt. 3\Msmtnw hazs« (h 
v> tmm (ts) k<?DWfls&*»fc. 

[0 04 1 ] H3^-ri3 HAZgP*9®£#U 6 10 
0Hv«i:#t;TS*<590MPat^rofc. ®£#U 
6 OH v*}lt-C1±TSj&*5 9 0 MP a^iffi:^ 0 . 
*MX*B&)b-t&TS^5 9 0MP a,fimt>tv?, HAZ 

[0 04 2] Lt^T, HAZgPT'ffiBrL^rVUo^ 
-TSfcto^ti. fS«ffi§ (2 00Hv) <7)8 0%ULk 
CO® $ £ i: tfiOWCfo &Zb tfftfr-ot: . >! cOfe 
* s *S5^ld3lFS8IMIJ*W^S 36*«tf « 8 0 %J2Lt 
(Hv) fc^Lfc. 

[0043] S h iZ . ^HJ^^jtfc^iSHtoV 20 

[0044] CttfliOSiafcWiStfS*^)*^* 
0. TPSSrO. 0 5%hU 4JtJi*J<?)»(i, *W*<9 
JSSftt^H A Z«H4=5rif L < IT^tSOT. _tR 
SrO. 1 59*fcLfc. 

[0045] si a&ttcrmmm. «m&i?£&9&: 

[ 0 0 4 6 ] M n }±SW05SJS. fSttOWffi^^^^ 

LT 1 . 0%liLfc.cO?3sJai i ^T' ( fc^^\ fWSgRO 30 
Wtt, Mft.tt&^lf^S4ISBrc±IR*2. 0%t 

[0 04 7] P{i##S^-^V^(5i;'M^LV^\ ifL 

fcj&»£>, 0. 0 2%^±RRi: t,fc. 
[0 048] S(±#*M^^rV){Ji:"Mt LV^\ Zti 

fc^. 0. 0 2%2r±Pfit t,jfc. 
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